We investigated the resistance of acetylated rattan against soft rot and other soil inhabiting micro-organisms in comparison with wood of beech and Scots pine. Calamus manan of 10 and 13 years old under rubber tree canopy was acetylated to different levels by reaction times (0.25 to 30 hours) and was tested for soft rot decay for 32 weeks. Acetylated rattan at decay protection thresholds of 15.4% and 16.2% weight gain (WG) were fully protected, as shown by both weight loss and strength loss criteria. The static bending properties of untreated rattan decayed by soft rot were significantly lower than for acetylated rattan.
Introduction
Rattan is a natural material and a source of income for many rural people in producer countries. In industrial applications, rattan has been used for products ranging from traditional items such as fish traps, crossbow strings and basketry to modern furniture, handbags and sports equipment. With increasing timber prices, rattan is currently used to make handles for hammers and hoes, replacing more expensive and scarce tropical timber. Despite its high flexibility and strength, rattan is not suitable for use as a building material that is in direct contact with soil. Rattan is susceptible to fungi and insect attacks due to its high starch content (Liese 2001) .
Chemical modification has been reported to improve dimensional stability and biological resistance. This treatment is non-toxic to humans compared to conventional wood preservative (Rowell 1991; Hon 1996) . The toxicity problem in chemically modified wood may be avoided if non-toxic compounds embedded in the wood structure (Thomas and Peterson 1978) .
Treatment of wood with chemicals such as methyl ether, epoxides and aldehyde degrades mechanical properties compared with untreated wood (Kumar 1994) . However, modifying wood with acetic anhydride improves dimensional stability, biological and weathering resistance, while having little effect on the strength properties of wood (Rowell 2006; Hill 2006) .
In contrast to bamboo (Zhou et al. 1985) , Sitka spruce (Minato et al. 2003) , Corsican pine (Hill and Ormondroyd 2004) and Rubber wood (Karim et al. 2006) , the acetylation of rattan was not previously investigated. Acetylated wood has been tested worldwide in contact with soil and showed excellent protection against microbial decay and termite attacks when the added acetyl exceeds 20 % WG (Rowell et al. 1997) . However, the mechanisms of protection against soft rot by physical blocking or chemical configuration remain unknown. The protection is usually reported as a threshold or the percent weight gain above which no microbial degradation occurs (Hill 2006) .
Our aims were to investigate the protection threshold for acetylated rattan against soft rot attack. We measured the static bending properties of acetylated rattan after decay because these properties can indicate the suitability for structural application.
Materials and methods

Source of materials
We studied Calamus manan aged 10 and 13 years. The rattans were obtained from a small holder of rubber tree plantations at Felda Mempaga, Pahang (about 3° 31' N and 101° 55' E, East Peninsula Malaysia) and Baranang, Selangor (about 20° 56 Preparation of specimens Rattan stems of diameter >35 mm and classified as weak rattan (Modulus of rupture, MOR, <45 MPa as described by Bhat et al. 1992) were cut into 5 × 10 × 100 mm (r × t × l) strips. Rattan strips were marked, Soxhlet extracted with toluene/methanol/acetone mixture (4:1:1) for eight hours, and oven dried at 103°C for 24 hours. They were then transferred to desiccators and allowed to cool at ambient temperature over silica gel, weighed to ±0.1 mg and the volume measured using a digital bed micrometer (Mitotoyo, Kawasaki, Japan). The Soxhlet extraction was to remove extractives from the rattan. The presence of extractive in the wood has a significant effect on the results obtained during acetylation, with leaching of extractives into the acetylation medium causing negative bias of recorded weight gain (%) values (Hill 2006) . We used 48 rattan strips (six replicates for each reaction period) in our study.
Acetylation reaction
Rattan strips were vacuum-impregnated with acetic anhydride at room temperature and then transferred to acetic anhydride at 110°C. The reaction was continued for various time intervals (0.25, 0.5, 1, 4, 10, 15, 24 and 30 hours) to give a range of percent weight gains. The strips for the longest reaction time were inserted at the start and other specimens were subsequently added, giving shorter reaction times. At the end of the reaction period, the reaction was quenched in ice until the liquid temperature reached 20°C. The residue was drained-off and replaced with acetone and cooled in ice for one hour, shaken a few times, discharged, and refilled with fresh acetone. The procedures were repeated twice. The acetylated rattan was finally Soxhlet extracted with toluene/methanol/acetone mixture (4:1:1) for eight hours and oven dried at 103°C for 24 hours. This procedure was sufficient to remove all un-reacted acetic anhydride and by-product of acetic acid (Hill & Jones 1999) . Dry specimens were cooled, weighed and measured as above. Weight gain was calculated using the standard formula (Rowell 1991; Hill 2006) :
Where, Wg is the Weight gain (%), W m is the mass of modified rattan and W um is the mass of unmodified rattan.
Acetylated and untreated rattan strips were leached using deionised water in accordance with EN 84 (Anonymous 1997 ).
Specimens were then oven dried at 103°C until moisture content reached 50% (± 5%). The specimens were planted vertically in Jones Innes No. 2 compost soil with 20 mm of their length extending above the soil surface and with a minimum of 20 mm between adjacent specimens and from the sides of the container. Untreated control and moisture monitoring specimens were planted randomly within the matrix. The container was covered and incubated in a dark room at 27±2°C and 70±5 RH for 32 weeks per the guideline of ENV 807 (Anonymous 2001) . Six replicates were used for untreated rattan and acetylated rattan of each reaction period. Equal numbers of replicates of Scots pine sapwood (Pinus sylvestris) and European beech (Fagus sylvatica) were used as reference specimens.
Assessment of the test specimen
Rattan strips were removed from soil after 8, 16, 24 and 32 weeks of exposure and their weight loss and initial moisture content were measured. Only the final weight loss and moisture content after 32 weeks of exposure was used in our study as it was more consistent in terms of maximum weight loss and moisture content. The adhering mycelia and soil particles were removed, and strips were then weighed to 0.1 mg, oven dried at 105°C for 24 hours, cooled over silica gel in desiccators and re-weighed. The initial moisture content and weight loss was calculated as the following formulae:
where, M C is the moisture content (%), Wl is the Weight loss (%), MW I is the mass weight before oven dry, MW O is the mass weight after oven dry, ODW B is the oven dried mass weight before exposure and ODW A is the oven dried mass weight after exposure.
The durability classification was then determined following the guidance in EN 350-1 (Anonymous 1994) , where a ratio expressed as the 'x-value' was determined in comparison to the reference species (Scots pine and beech) ( Table 2) .
The x-value was calculated using the following formula:
Where, ML T is the average corrected mass loss of test specimens and ML R is the average mass loss of both reference species (i.e. two sets of values were calculated).
The static bending properties of rattan strips were tested after 32 weeks of exposure and after conditioning at 20°C and 65% RH for one week. The test was performed to evaluate the effects of soft rot decay on the static bending properties of rattan. 
Results and discussion
Decay threshold of acetylated rattan against soft rot
The average percent weight losses did not differ significantly by duration of reaction period at the end of exposure for the two ages of rattan (as indicated by the same letters of reaction period), except for 13 year-old acetylated rattan reacted for 30 h, which had negative weight loss (Table 3 ). The negative values of weight loss were probably caused by the presence of hyphae in the rattan cell. This was observed in acetylated wood by Mohebby & Militz (2002) . Overall, acetylated rattan reacted for 1 hour showed weight losses close to 0 for both ages. The decay protection thresholds of 15.4% and 16.2% WGs were sufficient to protect acetylated rattan aged 10 and 13 years against soft rot, respectively. The decay protection thresholds of acetylated rattan (15.4% and 16.2% WGs) against soft rot and other soil inhabiting micro-organisms are in the range of woods (10.7% to 23% WGs) (Table 4) .
Moisture content plays an important role for the susceptibility of rattan to decay by soft rot and other micro-organisms (Table 5) because of the lower moisture contents of acetylated rattan aged 10 (36.4%) and 13 years (54.3%) at the decay protection threshold compared with the untreated rattan (282.5%). Generally, acetylation can reduce the cell wall moisture content by replacing hydroxyl groups with acetyl groups, and it can change the hydrophilic nature of untreated rattan to the more hydrophobic property of acetylated rattan. The high moisture content and thickness swelling were also observed in untreated wood and wood composite exposed to ground contact (Rowell et al. 1997 ).
This hypothesis can be explained by the wood decay and water relationship. Fungi attack wood only if the wood exceeds minimum moisture content (Eaton and Hale 1993) . Therefore, some water must be present for enzymes and other cell wall degrading metabolites to diffuse into the cell walls and for the breakdown products to enter the hyphae. Water must also be present for breakdown processes catalysed by enzymes (Bowyer et al. 2003) . Low moisture content in acetylated rattan might slow this process and increase the resistance against fungal attack. The results agree with the conclusion of Hill et al. (2005) that acetylation reduces decay by reducing cell wall moisture content. 
Durability classification
Scots pine and beech weight losses were 28.51% and 48.93%, respectively, at the end of the exposure period. The x-values and durability classes of untreated and acetylated rattans calculated using these values are listed in Tables 6 and 7 . The x-values of untreated rattan were significantly higher than the acetylated rattan for both ages when using either Scots pine or beech as reference specimens. When Scots pine sapwood was used as the reference specimen, the untreated rattans of both ages were classified as not durable (Class 5) against soft rot. The younger rattan reacted at 0.25 hour (15.6% WG) and the older rattan for one hour (16.2% WG) and longer were both classified as very durable (Class 1) against soft rot. Table 6 . The x-value and durability classes of acetylated rattan against soft rot when using Scots pine as reference specimen
Age ( When beech was used for the reference specimen, the untreated rattan was classified as not durable (Class 5) and slightly durable (Class 4) against soft rot for 10 and 13 year old rattan, respectively. The rattans reacted at 0.25 hours (15.6% and 16.1% WGs for both ages, respectively) and longer were classified as very durable (Class 1) against soft rot and other soil inhabiting micro-organisms. Static bending of acetylated rattan decayed by soft rot
All static bending properties of untreated rattan were significantly lower than for acetylated rattan for both ages ( The reduction of MOR ranged from 78%−81% and from 34%−40% for untreated rattan aged 10 and 13 years, respectively.
The modulus of elasticity (MOE) was not significantly different for any reaction period, ranging from 1,077−1,314.3 MPa for the older acetylated rattan. In contrast, MOE values were significantly different by reaction period duration for the younger acetylated rattan. The lowest and highest MOE values were recorded at 4 hour (1,275.2 MPa) and 10 hour (1,591.8 MPa) reactions, respectively. MOEs were 553.2 and 379.6 MPa for untreated rattan of both ages, respectively. This yielded reductions of MOE ranging from 57%−65% and from 65%−71% for untreated rattan aged 10 and 13 years, respectively. Similar to MOE, the work to maximum load was not significantly different for any reaction period, ranging from 0.06−0.09 kN in the older acetylated rattan. In the younger acetylated rattan there were significant differences between reaction periods. The lowest and highest work to maximum load were 0.07 kN (4 h) and 0.12 kN (0.5 h and 10 h), respectively. The work to maximum load was 0.01 kN for untreated rattan of both ages. This yielded reduction of work to maximum load, ranging from 86%−92% and from 83%−89% for untreated rattan aged 10 and 13 years old, respectively.
The reductions of MOR, MOE, and work to maximum load in untreated rattan were almost certainly caused by fungal decay of the soft rot type. Other decay, e.g. by bacteria, might also have occurred but this was not confirmed by microscopy because the acetylated rattans all gave little indication of deterioration after 32 weeks of exposure.
Conclusions
Acetylated rattan aged 10 and 13 years at decay protection thresholds of 15.4% and 16.2% WGs were fully protected against soft rot and other soil inhabiting micro-organism attacks as shown by both weight loss and static bending criteria. The static bending strength of untreated rattan decayed by soft rot was significantly lower than for acetylated rattan. Acetylated rattan has great potential as a building material with direct soil contact.
